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(54) INPUT DEVICE

(57) [OBJECT] There is provided an input device with
which erroneous determination of input manipulation de-
tails can be reduced.

[MEANS OF SOLVE THE PROBLEMS] An input de-
vice 1 includes a detector 10, 27 that detects an indicator
3 approaching an image surface S, and a processor 20
that performs input processing based on a detection re-

sult of the detector 10, 27. The processor 20 performs
preliminary determination processing depending on the
detection result, and performs determination processing
for an input manipulation detail of the indicator 3 based
on a result of the preliminary determination processing
and the detection result.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Japanese Pat-
ent Application Nos. 2014-126845 filed on June 20, 2014
and 2015-121904 filed on June 17, 2015. The entire dis-
closures of Japanese Patent Application Nos.
2014-126845 and 2015-121904 are hereby incorporated
herein by reference.

[TECHNICAL FIELD]

[0002] The present invention relates to an input device.

[BACKGROUND ART]

[0003] An input device has been known in the past
which determines input manipulation details by calculat-
ing the contact coordinate position of an indicator (such
as a finger or a pointer) with respect to an interface pro-
jected onto a screen or the like (see Patent Literature 1,
for example). In Patent Literature 1, the coordinate posi-
tion of the indicator is calculated by taking advantageous
of the fact that when the indicator blocks the light rays,
a shadow is produced in the image captured by an image
sensor.
[0004] There is another conventional input device in
which three-dimensional position information about an
indicator located in the air above a control panel is ac-
quired by using an imaging element or an infrared sensor,
and details about input manipulation with the indicator
are recognized based on the acquired three-dimensional
position information (see Patent Literature 2, for exam-
ple). With the configuration in Patent Literature 2, com-
mands can be inputted without touching the control pan-
el.

[PRIOR ART DOCUMENT]

[PATENT LITERATURE]

[0005]

[Patent Literature 1] Japanese Unexamined Patent
Application Publication No. 2011-203861
[Patent Literature 2] Japanese Unexamined Patent
Application Publication No. 2010-12158

[SUMMARY OF THE INVENTION]

[PROBLEMS TO BE SOLVED BY THE INVENTION]

[0006] With the input devices in Patent Literature 1 and
2, since input manipulation details are not determined by
pressing on buttons or other such mechanical parts, there
is the risk that these input manipulation details will be
erroneously determined. With the configuration in Patent

Literature 1, a technique is disclosed in which the device
accurately distinguishes between contact and non-con-
tact of the manipulation screen by focusing on the round-
ness of the distal end portion of the indicator. However,
with the configuration in Patent Literature 1, it is conceiv-
able that erroneous determination will not be adequately
reduced if, for example, we assume a wide variety of
input manipulations made by the hands of the users.
[0007] In light of the above, it is an object of the present
invention to provide an input device with which erroneous
determination of input manipulation details can be re-
duced. It is another object of the present invention to
provide an input device with which there will be very little
erroneous determination, even when a wide variety of
input manipulations are involved.

[MEANS TO SOLVE THE PROBLEMS]

[0008] To achieve the stated object, the input device
of the present invention comprises a detector configured
to detect an indicator approaching an image surface, and
a processor configured to perform input processing
based on a detection result of the detector, the processor
being configured to perform preliminary determination
processing depending on the detection result, and con-
figured to perform determination processing for an input
manipulation detail of the indicator based on a result of
the preliminary determination processing and the detec-
tion result (first configuration).
[0009] With this configuration, the preliminary determi-
nation processing is performed before determining the
input manipulation detail of the indicator. This reduces
the probability that the input manipulation detail will be
incorrectly determined.
[0010] With the input device having the first configura-
tion, it is preferable if the preliminary determination
processing includes processing to determine a manipu-
lation region in which input will be made, and if the proc-
essor is configured to change the determination process-
ing of the input manipulation detail according to the ma-
nipulation region (second configuration). With this con-
figuration, since the manipulation region can be ascer-
tained in advance according to the preliminary determi-
nation processing, the input manipulation detail can be
properly determined according to the manipulation re-
gion. Accordingly, many different input manipulations
can be easily accomplished with an input device with this
configuration.
[0011] With the input device having the second config-
uration, it is preferable if configuration is such that the
manipulation region is determined using the brightness
obtained from the detection result produced by the de-
tector (third configuration). With this configuration, the
position of an indicator approaching an image surface
can be easily and accurately estimated, and the proba-
bility that erroneous determination will occur can be re-
duced.
[0012] With the input device having the second or third
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configuration, the configuration may be such that the ma-
nipulation region includes a first region and a second
region, and the width in a direction perpendicular to the
image surface is different in the first region and the sec-
ond region (fourth configuration). With this configuration,
erroneous determination is unlikely to occur in an input
device that accommodates a plurality of manipulations
that are completely different in how the input manipula-
tion is performed.
[0013] With the input device having the fourth config-
uration, the processor may be configured such that when
the manipulation region is determined to the first region,
the processor is configured to determine the input ma-
nipulation detail according to the indicated position of the
indicator, and when the manipulation region is deter-
mined to be the second region, the processor is config-
ured to determine the input manipulation detail according
to at least one of the shape and movement of the indicator
(fifth configuration). With this configuration, it is possible
to provide an input device that accepts pointing inputs
and gesture inputs, and an input device with which erro-
neous determination is unlikely to occur.
[0014] With the input device having any of the first to
fifth configurations, it is preferable if the configuration is
such that the preliminary determination processing in-
cludes processing to determine manipulation orientation
of the indicator (sixth configuration). With this configura-
tion, since the input manipulation detail of the indicator
are determined by taking into account a previously ob-
tained manipulation orientation, erroneous determina-
tion of the input manipulation detail can be reduced.
[0015] With the input device having the sixth configu-
ration, the configuration may be such that the manipula-
tion orientation is determined from the detection result in
a first detection layer, and the processor is configured to
determine the input manipulation detail based on the ma-
nipulation orientation obtained in the preliminary deter-
mination processing and the detection result in a second
detection layer provided closer to the image surface than
the first detection layer (seventh configuration). The sec-
ond detection layer is preferably provided adjacent to the
image surface. With this configuration, the manipulation
orientation of the indicator in the first detection layer is
determined based on information from the detector prior
to determining the input manipulation detail of the indi-
cator in the second detection layer based on information
from the detector. A predetermined manipulation orien-
tation is then taken into account to determine the input
manipulation detail of the indicator in the second detec-
tion layer. Accordingly, with this configuration, erroneous
determination of the input manipulation detail can be re-
duced.
[0016] With the input device having the seventh con-
figuration, it is preferable if the configuration is such that
the processor is configured not to determine the input
manipulation detail in the second detection layer if the
manipulation orientation has been determined to be a
particular orientation, and configured to determine the

input manipulation detail based on the movement of the
indicator between the image surface and the first detec-
tion layer (eighth configuration). With this configuration,
a first input manipulation in which input is performed by
indicating a particular region of the image surface with
an indicator, and a second input manipulation in which
input is performed by making a gesture in front of the
image surface, can both be performed, which affords a
versatile input device. Also, with this configuration, since
the input manipulation detail is determined by taking a
predetermined manipulation orientation into account, it
is less likely that erroneous determination will be per-
formed in which the first input manipulation and the sec-
ond input manipulation are mixed.
[0017] With the input device having the eighth config-
uration, a configuration may be employed in which, when
the input manipulation detail is determined based on the
movement of the indicator, the movement speed of the
indicator is utilized to determine the input manipulation
detail (ninth configuration). Also, with the input device
having the eighth configuration, a configuration may be
employed in which, when the input manipulation detail is
determined based on the movement of the indicator, and
when it is determined that the indicator has moved into
the second detection layer, it is determined that an input
manipulation based on the movement of the indicator
has ended (tenth configuration).
[0018] With the input device having any of the seventh
to tenth configurations, the configuration may be such
that the processor is configured to determine the input
manipulation detail in the second detection layer based
on a change in the state of the indicator that accompanies
contact with the image surface (eleventh configuration).
An example of a change in the state of the indicator is
the flattening of a finger when the finger is pressed
against the image surface. With this configuration, there
are more determination conditions in the determination
of input manipulation detail, so erroneous determination
can be further reduced.
[0019] With the input device having any of the sixth to
eleventh configurations, the configuration may be such
that the processor is configured to determine the manip-
ulation orientation based on the light intensity distribution
(twelfth configuration). Also, with the input device having
the twelfth configuration, a configuration may be em-
ployed in which the indicator is a hand, and the processor
is configured to determine that input has been made with
a finger when there is a bias to the light intensity distri-
bution (thirteenth configuration). Also, with the input de-
vice having the twelfth or thirteenth configuration, a con-
figuration may be employed in which the indicator is a
hand, and it is determined that input has been made with
the palm of the hand when the light intensity distribution
is spread out by at least a certain amount (fourteenth
configuration).
[0020] With the input device having any of the sixth to
eleventh configurations, the configuration may be such
that the processor is configured to determine the manip-
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ulation orientation based on a temporal change in the
detection result (fifteenth configuration).
[0021] With the input device having any of the first to
fifteenth configurations, it is preferable if the configuration
is such that the detector comprises a light source, an
optical scanner that is configured to scan light from the
light source, and a light receiver that is configured to re-
ceive reflected light by the indicator of the light that has
been scanned by the optical scanner (sixteenth config-
uration). With this configuration, no imaging element is
used that would require complicated processing and en-
tail the risk of diminished responsiveness, and an input
device can be provided with which various input manip-
ulations are possible using the movement of a hand, for
example.
[0022] With the input device having the sixteenth con-
figuration, it is preferable if the configuration is such that
a detection layer used for the preliminary determination
processing and a detection layer used for determination
processing of the input manipulation detail are disposed
on an opposite side from the light receiver and the light
source, with the image surface in between (seventeenth
configuration). With this configuration, when an input ma-
nipulation is made, there will be a lower probability that
light emitted from the light source will be reflected by an
object other than the indicator (such as part of the user’s
body), so accurate determination of the input manipula-
tion detail can be performed more easily.
[0023] With the input device having the sixteenth or
seventeenth configuration, a configuration may be em-
ployed in which emission strength of the light source is
varied according to the position of the indicator (eight-
eenth configuration). With the input device having the
eighteenth configuration, a configuration may be em-
ployed in which the preliminary determination processing
includes processing to determine the manipulation ori-
entation of the indicator detected in the first detection
layer, and the emission strength of the light source is
varied according to the relation between the indicator and
the first detection layer (nineteenth configuration). With
these configurations, the preliminary determination
processing can be performed more accurately. For ex-
ample, the emission strength of the light source may be
increased if the indicator is moving toward or into the first
detection layer.
[0024] With the input device having any of the first to
nineteenth configurations, the configuration may further
comprise a notification processor configured to notify of
a determination result for the input manipulation detail
(twentieth configuration). For example, notification
processing performed by a controller equipped with an
input device may be processing to change the screen
display, processing to generate a sound, or the like. With
this configuration, the user can more easily recognized
whether or not his input manipulation was properly ac-
cepted.

[EFFECTS OF THE INVENTION]

[0025] The present invention provides an input device
with which erroneous determination of input manipulation
details can be reduced. The present invention also pro-
vides an input device with which there will be very little
erroneous determination, even when a wide variety of
input manipulations are involved.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0026]

FIG. 1 is a block diagram of the configuration of the
input device pertaining to a first embodiment of the
present invention;
FIG. 2 is a first schematic illustrating the orientation
of a hand (an example of an indicator) when per-
forming an input manipulation by hand on the input
device pertaining to the first embodiment of the
present invention;
FIG. 3 is a second schematic illustrating the orien-
tation of a hand (an example of an indicator) when
performing an input manipulation by hand on the in-
put device pertaining to the first embodiment of the
present invention;
FIG. 4 is an image of an example of detecting the
state of a hand in an orientation detection layer;
FIG. 5 is a flowchart illustrating an example of the
procedure for determining input manipulation details
in the input device pertaining to the first embodiment
of the present invention;
FIG. 6 is a flowchart of details of manipulation deter-
mination processing A executed in the input device
pertaining to the first embodiment of the present in-
vention;
FIG. 7 is a flowchart of details of manipulation deter-
mination processing B executed in the input device
pertaining to the first embodiment of the present in-
vention;
FIG. 8 is a schematic illustrating a method for deter-
mining the orientation of a hand in the input device
of a second embodiment;
FIG. 9 is a schematic illustrating the orientation of a
hand when input manipulation is performed with a
gesture involving the hand in the input device per-
taining to a third embodiment of the present inven-
tion;
FIG. 10 is a flowchart illustrating an example of the
procedure for determining input manipulation details
in the input device pertaining to the third embodiment
of the present invention;
FIG. 11 is a flowchart of details of manipulation de-
termination processing C executed in the input de-
vice pertaining to the third embodiment of the present
invention;
FIG. 12 is a flowchart of details of manipulation de-
termination processing C executed in the input de-
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vice pertaining to a fourth embodiment of the present
invention;
FIG. 13 is a simplified diagram illustrating a manip-
ulation region in the input device pertaining to the
fifth embodiment of the present invention; and
FIG. 14 is a flowchart of an input processing example
executed by the input device pertaining to the fifth
embodiment of the present invention.

[EMBODIMENTS TO CARRY OUT THE INVENTION]

[0027] The input device pertaining to an embodiment
of the present invention will now be described through
reference to the drawings.

<First Embodiment>

[0028] FIG. 1 is a block diagram of the configuration
of the input device 1 pertaining to a first embodiment of
the present invention. The input device 1 pertaining to
the first embodiment comprises not only an input func-
tion, but also a function of projecting an image from the
rear onto a screen 2. The screen 2 is a transmitting type
of screen, and is made of acrylic, glass, or another such
semitransparent material, for example.
[0029] As shown in FIG. 1, the input device 1 comprises
a light source unit 10. The light source unit 10 includes
three light sources: a red laser light source 11, a green
laser light source 12, and a blue laser light source 13.
The light source unit 10 also includes a first beam splitter
14 that transmits red laser light and reflects green laser
light, and a second beam splitter 15 that transmits red
laser light and green laser light and reflects blue laser
light. The light source unit 10 further includes a collimator
lens 16 and a scanning mirror 17.
[0030] The scanning mirror 17 can be constituted by a
resonance type of MEMS (Micro Electro Mechanical Sys-
tem) mirror, for example. The scanning mirror 17 can be
driven biaxially in the horizontal direction (X direction)
and the vertical direction (Y direction, and scans a laser
beam two-dimensionally. The scanning mirror 17 scans
the laser beam in frame units of the image. The scanning
mirror 17 changes the scanning position according to the
number of pixels of the image during one frame. The
scanning mirror 17 is an example of the optical scanner
of the present invention.
[0031] A main controller 20 controls the various com-
ponents that make up the input device 1. A memory 21
stores various kinds of program that are executed by the
input device 1, and various kinds of data that are needed
in executing these programs. The main controller 20 is
an example of the processor of the present invention.
[0032] An image processor 22 controls the projection
of the image onto the screen 2 based on an image signal
inputted from the outside. More specifically, the image
processor 22 controls the drive of the scanning mirror 17
via a mirror controller 23 based on an image signal in-
putted from the outside. The image processor 22 also

controls the drive of the three light sources via a light
source controller 24 based on an image signal inputted
from the outside. Consequently, an image based on the
image signal is displayed on the screen 2. An example
of what is displayed on the screen 2 is an image of a
group of ink keys for performing input manipulation.
[0033] The mirror controller 23 controls a mirror driver
25 that drives the scanning mirror 17, based on control
by the image processor 22. The light source controller
24 also controls a laser diode (LD) driver 26 that drives
the light sources 11 to 13, based on control by the image
processor 22. The light source controller 24 controls the
LD driver 26 so that the colors of the emitted laser light
correspond to the various pixels of the image, at the tim-
ing at which the scanning mirror 17 is scanned.
[0034] The input device 1 comprises a light receiver
27 that receives reflected light obtained when the laser
light emitted from the light source unit 10 is reflected by
an indicator 3. Typical examples of the indicator 3 are a
person’s hand and fingers. Information detected by the
light receiver 27 is outputted to the main controller 20.
The main controller 20 acquires the position of the indi-
cator 3 in the XY direction (a position within a plane par-
allel to the image surface) based on the laser beam scan-
ning path and information about the time at which the
reflected light was received by the light receiver 27. The
main controller 20 also acquires the position in the Z di-
rection (a position in a direction perpendicular to the im-
age surface) of the indicator 3 based on the intensity of
light emitted from the light source unit 10 and the intensity
of light received by the light receiver 27. The main con-
troller 20 determines the input manipulation details for
the user based on a particular position of the indicator 3.
[0035] The light source unit 10 (including the scanning
mirror 17) and the light receiver 27 constitute the detector
of the present invention. In this embodiment, the light
receiver 27 is constituted by a single light receiving ele-
ment, but in some cases the light receiver 27 may be
constituted by a plurality of light receiving elements.
[0036] FIGS. 2 and 3 are schematics illustrating the
orientation of a hand (an example of the indicator 3) when
performing an input manipulation by hand on the input
device 1. The input device 1 determines the input ma-
nipulation details by detecting the position of the hand
that has moved into a proximal manipulation layer 30
provided in close proximity ahead of an image surface S
(expressed from the viewpoint of the user). The light
source unit 10 and the light receiver 27 are disposed on
the opposite side from the proximal manipulation layer
30, with the image surface S in between.
[0037] As shown in FIG. 2, for example, when the hand
3 approaches the image surface S while one finger is
jutting out toward the image surface S, it is determined
that a specific region of the image has been pressed by
that finger, and an event corresponding to this determi-
nation is executed. As shown in FIG. 3, when the hand
3 approaches the image surface S while a plurality of
fingers are jutting out toward the image surface S, it is
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determined that a number of specific regions of the image
have pressed by those fingers, and events corresponding
to this determination are executed. The number of fingers
jutting toward the image surface S are different in FIGS.
3(a) and 3(b).
[0038] When the input manipulation details are deter-
mined as above, there is the possibility that the manipu-
lation details will be erroneously determined due to re-
flection or the like from a finger that was not supposed
to perform input manipulation. The input device 1 is de-
signed to avoid such erroneous determination, and this
will be described below.
[0039] As shown in FIGS. 2 and 3, in the input device
1, an orientation detection layer 31 is provided at a po-
sition that is farther away from the front side than the
proximal manipulation layer 30 (expressed from the view-
point of the user), as seen from the image surface S. The
orientation detection layer 31 pre-determines the manip-
ulation orientation of the hand 3 approaching the proximal
manipulation layer 30, and can estimate to a certain ex-
tent the input manipulation details in the proximal manip-
ulation layer 30 from this manipulation orientation. The
proximal manipulation layer 30 is an example of the sec-
ond detection layer in the present invention. The orien-
tation detection layer 31 is an example of the first detec-
tion layer in the present invention.
[0040] FIG. 4 is an image of an example of the detec-
tion result for the state of the hand 3 in the orientation
detection layer 31. The result shown in FIG. 4 is for a
case in which two fingers are sticking out while the hand
3 is moved toward the image surface S. As can be seen
from the result shown in FIG. 4, the orientation (shape)
of the hand 3, including the depth direction (Z direction)
of the hand 3 can be estimated from the intensity distri-
bution of the light reflected from the hand 3. Accordingly,
the input device 1 is configured to determine the orien-
tation by utilizing the intensity distribution of light detected
by the light receiver 27.
[0041] At the point when the hand 3 approaches the
orientation detection layer 31, the emission intensity of
the laser beam may be raised in the light source unit 10.
Doing this raises the intensity of the light reflected from
the hand 3, and makes it easier to determine the manip-
ulation orientation, including the depth of the hand 3.
[0042] FIG. 5 is a flowchart illustrating an example of
the procedure for determining input manipulation details
in the input device 1 pertaining to the first embodiment
of the present invention. First, the main controller 20 con-
firms whether or not the hand (indicator) 3 has moved
into the orientation detection layer 31 (step S1). The main
controller 20 continues this monitoring until the hand 3
does move into the orientation detection layer 31. Wheth-
er or not the hand 3 has moved into the orientation de-
tection layer 31 can be determined, for example, based
on the intensity (optical intensity) of the light reflected
from the hand 3 and detected by the light receiver 27.
[0043] If it is determined that the hand 3 has moved
into the orientation detection layer 31 (Yes in step S1),

the main controller 20 determines the orientation of the
hand 3 that has moved into the orientation detection layer
31 (step S2). The main controller 20 confirms whether or
not a single finger of the hand 3 is pointing toward the
screen 2 as a result of the orientation determination (step
S3). If one finger of the hand 3 is sticking out (Yes in step
S3), the main controller 20 performs manipulation deter-
mination processing A. If one finger of the hand 3 is not
sticking out (No in step S3), the main controller 20 per-
forms manipulation determination processing B.
[0044] FIG. 6 is a flowchart of the details of the manip-
ulation determination processing A executed by the input
device 1 pertaining to the first embodiment of the present
invention. Upon determining that the hand 3 is in an ori-
entation in which one finger is jutting out toward the
screen 2, the main controller 20 confirms whether or not
the finger (the jutting finger) of the hand 3 detected in the
orientation detection layer 31 has moved into the proxi-
mal manipulation layer 30 (step A1). Just as with the ori-
entation detection layer 31, whether or not the finger has
moved into the proximal manipulation layer 30 can be
determined based on the intensity of the reflected light
detected by the light receiver 27, for example.
[0045] If it is determined that a particular finger of the
hand 3 has moved into the proximal manipulation layer
30 (Yes in step A1), the position indicated by the finger
of the hand 3 (the XY coordinates) is calculated, and an
event corresponding to that coordinate position is exe-
cuted (step A2). In this embodiment, the user is visually
notified that a manipulation has been accepted (event
notification). There are no particular restrictions on the
notification method, which may be suitably selected so
that it will be easy for the user to recognize. For example,
the color of a virtual key determined to have undergone
input manipulation (displayed as an image on the screen
2) may be changed, or the color the border of an image,
or of the entire image, may be changed. Also, notification
by sound may be used instead of visual notification.
[0046] After the processing to execute an event is fin-
ished, the main controller 20 confirms whether or not the
finger of the hand 3 has been retracted from the proximal
manipulation layer 30 (step A3). If it is determined that
the finger of the hand 3 has not been retracted from the
proximal manipulation layer 30 (No in step A3), the flow
returns to step A2, the coordinate position of the finger
is recalculated, and processing related to the event ex-
ecution is performed as needed.
[0047] On the other hand, if it is determined that the
finger of the hand 3 has been retracted from the proximal
manipulation layer 30 (Yes in step A3), the main controller
20 confirms whether or not the hand 3 has also been
retracted from the orientation detection layer 31 (step
A4). If it is determined that the hand 3 has been retracted
from the orientation detection layer 31 (Yes in step A4),
the manipulation processing A is ended. If it is determined
that the hand 3 has not been retracted from the orienta-
tion detection layer 31 (No in step A4), the flow returns
to step S1, and determination processing related to input
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manipulation is performed.
[0048] If it is determined in step A1 that a particular
finger of the hand 3 has not moved into the proximal
manipulation layer 30 (No in step A1), the main controller
20 performs a confirmation of step A4 and performs
processing according to this confirmation.
[0049] FIG. 7 is a flowchart showing the details of the
manipulation determination processing B executed by
the input device 1 pertaining to the first embodiment of
the present invention. Upon determining that the hand 3
is not in a state in which one finger is sticking out toward
the screen 2, the main controller 20 confirms whether or
not the hand 3 (finger) has moved into the proximal ma-
nipulation layer 30 according to the manipulation orien-
tation detected in the orientation detection layer 31 (step
B1). Whether or not the hand has moved into the proximal
manipulation layer 30 can be determined based on the
intensity of the reflected light detected by the light receiv-
er 27, for example.
[0050] If it is determined that the hand 3 has moved
into the proximal manipulation layer 30 in the expected
manipulation orientation (Yes in step B1), the main con-
troller 20 confirms whether or not the hand 3 (finger) has
been pressed against the screen 2 (image surface S)
(step B2). Whether or not the hand 3 has been pressed
can be determined by sensing the state of the hand 3 at
the proximal manipulation layer 30 in time series. If it has
been pressed, there will be a change, such as a flattening
of the pad of the finger. If it has not been pressed, how-
ever, there will be no flattening of the finger pad, etc.
[0051] If the hand 3 has been pressed (Yes in step B2),
the main controller 20 calculates the position (XY coor-
dinates) indicated by the hand 3 (such as the finger of
the hand expected from the orientation sensed by the
orientation detection layer 31), and executes the event
corresponding to that coordinate position (step B3). In
this embodiment, when an even is executed, the user is
also notified of the event.
[0052] If, on the other hand, it is determined that the
hand 3 has not been pressed (No in step B2), the coor-
dinates are not calculated and no event is executed. In
this case the flow proceeds to step B4.
[0053] After the processing to execute the event is fin-
ished, or if it has been determined in step 2 that the hand
was not pressed, the main controller 20 confirms whether
or not the hand 3 has been retracted from the proximal
manipulation layer 30 (step B4). If it is determined that
the hand 3 has not been retracted from the proximal ma-
nipulation layer 30 (No in step B4), the flow returns to
step B2 and it is again confirmed whether or not the hand
3 has been pressed.
[0054] Meanwhile, if it is determined that the hand 3
has been retracted from the proximal manipulation layer
30 (Yes in step B4), the main controller 20 confirms
whether or not the hand 3 has also retracted from the
orientation detection layer 31 (step B5). If it is determined
that the hand 3 has retracted from the orientation detec-
tion layer 31 (Yes in step B5), the manipulation determi-

nation processing B is ended. If it is determined that the
hand 3 has not retracted from the orientation detection
layer 31 (No in step B5), the flow returns to step S1 and
determination processing related to input manipulation
is performed.
[0055] If it is determined in step B1 that the hand 3 has
not moved into the proximal manipulation layer 30 in the
expected orientation (No in step B1), the main controller
20 confirms step B5 and performs processing according
to this confirmation.
[0056] With the configuration of the first embodiment
described above, the manipulation orientation of the in-
dicator 3 is determined before the indicator 3 moves into
the proximal manipulation layer 30, and the determined
manipulation orientation is added in the determination of
the input manipulation details at the proximal manipula-
tion layer 30. Accordingly, the probability of erroneous
determination of the input manipulation details can be
reduced. Also, with the configuration of the first embod-
iment, if there is no particular need to detect whether the
indicator has been pressed in, this detection processing
is not performed. Therefore, the determination process-
ing for input manipulation can be far simpler, and faster
response can be anticipated.

<Second Embodiment>

[0057] The input device 1 in the second embodiment
will now be described. The configuration of the input de-
vice 1 in the second embodiment is substantially the
same as the configuration in the first embodiment, but
the main controller 20 uses a different method to estimate
the manipulation orientation (shape) of the hand 3. The
following description will focus on this difference.
[0058] FIG. 8 is a schematic illustrating a method for
determining the orientation of the hand 3 in the input de-
vice 1 of the second embodiment. In FIG. 8, the upper
row shows the state when a hand 3 from which one finger
is sticking out moves toward the image surface S (the
screen 2). The lower row shows the state when a hand
3 from which two fingers are sticking out moves toward
the image surface S. In FIG. 8, the upper and lower rows
each show three states, which shows the change over
time in the state of the hand 3 detected at the orientation
detection layer 31.
[0059] As shown in the upper row in FIG. 8, when a
hand 3 from which one finger is sticking out moves toward
the image surface S, a single dot continues to be detected
at time t1 (corresponds to the time at which the hand 3
is first detected in the orientation detection layer 31, for
example), time t2, and time t3. Also, as shown in the
lower row of FIG. 8, when a hand 3 from which two fingers
are sticking out moves toward the image surface S, the
number of dots detected changes from one to two during
the transition from time t1 to time t3. As can be seen from
this example, the orientation (shape) of the hand 3 can
be estimated by collecting the reflected light as the hand
3 passes through the orientation detection layer 31, with
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the light receiver 27 in time series fashion.
[0060] In this embodiment, the main controller 20 sub-
jects a signal in the orientation detection layer 31 (a signal
obtained from the light receiver 27) to binarization de-
pending on whether or not this signal exceeds a specific
threshold. There are no particular restrictions on the time
interval when the above-mentioned reflected light is col-
lected in time series, which may be decided as desired.
[0061] Again with the configuration of the second em-
bodiment described above, it is possible to determine the
manipulation orientation of the indicator 3 before the in-
dicator 3 moves into the proximal manipulation layer 30.
The input device 1 in the second embodiment gives the
same effect as in the first embodiment.

<Third Embodiment>

[0062] Next, the input device 1 in a third embodiment
will be described. The configuration of the input device
1 in the third embodiment is substantially the same as
the configuration in the first embodiment, but the third
embodiment differs from the configuration of the first em-
bodiment in that input manipulation (non-contact manip-
ulation) can also be performed on gestures made by the
hand 3, in addition to input manipulation (non-contact
manipulation) performed by having the hand 3 (finger)
come into contact with the image surface S (the screen
2). The following description will focus on this difference.
[0063] FIG. 9 is a schematic illustrating the orientation
of a hand when input manipulation is performed with a
gesture involving the hand 3 in the input device 1 per-
taining to the third embodiment of the present invention.
As shown in FIG. 9, when input manipulation is performed
by gesture, the fingers of the hand 3 do not jut out toward
the image surface S, and the entire hand approaches the
image surface S in an orientation that is substantially
parallel to the image surface S. The main controller 20
is able to use information obtained from the light receiver
27 to determine movement of the hand 3 between the
image surface S and the orientation detection layer 31.
The orientation of the hand 3 shown in FIG. 9 is an ex-
ample of the certain orientation of the present invention.
[0064] FIG. 10 is a flowchart illustrating an example of
the procedure for determining input manipulation details
in the input device 1 pertaining to the third embodiment
of the present invention. First, the main controller 20 con-
firms whether or not the hand 3 has moved into the ori-
entation detection layer 31 (step S1). The main controller
20 continues this monitoring until the hand 3 does move
into the orientation detection layer 31. Whether or not the
hand 3 has moved into the orientation detection layer 31
can be determined, for example, based on the intensity
of the light reflected from the hand 3 and detected by the
light receiver 27.
[0065] If it is determined that the hand 3 has moved
into the orientation detection layer 31 (Yes in step S1),
the main controller 20 determines the orientation of the
hand 3 that has moved into the orientation detection layer

31 (step S2). As a result of determining the orientation,
the main controller 20 confirms whether or not one finger
or the hand 3 is sticking out toward the screen 2 (step
S3). If the hand 3 is in a state in which one finger is sticking
out (Yes in step S3), the main controller 20 performs the
manipulation determination processing A.
[0066] On the other hand, if the hand 3 is not in a state
in which one finger is sticking out (No in step S3), the
main controller 20 confirms whether or not the hand 3 is
in a state in which two or more fingers are sticking out
(step S4). If a plurality of fingers are sticking out from the
hand 3 (Yes in step S4), the main controller 20 performs
the manipulation determination processing B. If the hand
3 is not in a state in which fingers are sticking out (No in
step S4), manipulation determination processing C is
performed.
[0067] The manipulation determination processing A
and B are the same as the processing described in the
first embodiment. Thus, detailed explanation of these
processing will be omitted, and the manipulation deter-
mination processing C will only be explained.
[0068] FIG. 11 is a flowchart of details of manipulation
determination processing C executed in the input device
1 pertaining to the third embodiment of the present in-
vention. Upon deciding that no fingers are sticking out
from the hand 3 toward the image surface S, the main
controller 20 calculates the position of the hand 3 (the
hand coordinates; the XYZ coordinates) (step C1). The
hand coordinates can be calculated from information ob-
tained from the light receiver 27 that receives the reflect-
ed light from the hand 3. The hand coordinates may be
coordinates for one particular place on the hand 3, or
may be coordinates from a number of particular places
on the hand 3.
[0069] The main controller 20 then confirms whether
or not the position of the hand 3 is within a gesture de-
tection region (step C2). The gesture detection region
refers to a region between the image surface S and the
orientation detection layer 31. The orientation detection
layer 31 may be included in the gesture detection region.
[0070] If the hand 3 is within the gesture detection re-
gion (Yes in step C2), the main controller 20 stores the
hand coordinates calculated in step C1 in the memory
21 as base-point coordinates (step C3). After this, the
main controller 20 calculates the hand coordinates again
(step C4). The main controller 20 calculates the move-
ment speed of the hand 3 based on the base-point co-
ordinates already stored and the hand coordinates cal-
culated subsequently, and determines whether or not this
movement speed exceeds a predetermined reference
value (step C5).
[0071] If the movement speed is at or under the refer-
ence value (No in step C5), the main controller 20 deter-
mines that the hand 3 is barely moving and a gesture
has yet to start (Yes in step C5), and the flow returns to
step C2. On the other hand, if the movement speed ex-
ceeds the reference value (Yes in step C5), it is deter-
mined that a gesture has started, and the hand coordi-
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nates are calculated again (step C6). After this, the main
controller 20 confirms whether or not the position of the
hand 3 is outside the gesture detection region (step C7).
[0072] If the position of the hand 3 is outside the ges-
ture detection region (Yes in step C7), it is determined
that the gesture has already ended. Accordingly, the
main controller 20 uses the information obtained from
the light receiver 27 to detect movement of the hand 3
up to this point, execute an event, and notify the user of
this (step C8). The main controller 20 then ends the ma-
nipulation determination processing C. On the other
hand, if the position of the hand 3 is within the gesture
detection region (No in step C7), the movement speed
is calculated form the previously acquired hand coordi-
nates (which correspond here to steps C4 and C6), and
it is determined whether or not this movement speed is
at or under a predetermined reference value (step C9).
[0073] If the movement speed is at or under the refer-
ence value (Yes in step C9), the main controller 20 de-
termines that the movement of the hand 3 has substan-
tially stopped, and the gesture is finished. The main con-
troller 20 then uses information obtained from the light
receiver 27 to detect the movement of the hand 3 up to
this point, execute an event, and notify the user of this
(step C10). After this, the main controller 20 goes back
to step C1 and repeats the processing from that point on.
On the other hand, if the movement speed exceeds the
reference value (No in step C9), it is determined that the
gesture is not finished yet, the flow returns to step C6,
and the processing is repeated form that point on.
[0074] With the configuration of the third embodiment
discussed above, the same effect can be anticipated as
with the first embodiment. Furthermore, with the config-
uration of the third embodiment, a first input manipulation
in which input is performed by indicating a particular re-
gion of the image surface S with the indicator, and a sec-
ond input manipulation in which input is performed by
making a gesture in front of the image surface S can be
combined to allow a wide variety of input manipulations.
With the configuration of the third embodiment, since in-
put manipulation details are determined by taking into
account a previously detected manipulation orientation,
it is less likely that the above-mentioned first and second
input manipulations will be mixed up so that erroneous
determination is performed.

<Fourth Embodiment>

[0075] Next, the input device 1 of a fourth embodiment
will be described. The input device 1 in the fourth em-
bodiment is similar to the configuration of the third em-
bodiment in that input manipulation (non-contact manip-
ulation) can be performed by a gesture with the hand 3,
in addition to an input manipulation (contact manipula-
tion) in which the hand 3 touches the image surface S.
What is different, however, is the manipulation determi-
nation processing C, which is processing performed
when it is expected that gesture input will be performed.

The following description will focus on this difference.
[0076] FIG. 12 is a flowchart showing the details of the
manipulation determination processing C executed by
the input device 1 pertaining to the fourth embodiment
of the present invention. Upon deciding that no finger is
sticking out to the image surface S from the hand 3, the
main controller 20 calculates the hand coordinates (XYZ
coordinates) (step C1). Then main controller 20 then con-
firms whether or not the position of the hand 3 is within
the proximal manipulation layer 30 (step C2).
[0077] If it is determined that the position of the hand
3 is within the proximal manipulation layer 30 (Yes in step
C2), the main controller 20 determines that the gesture
is finished. The main controller 20 then uses information
obtained from the light receiver 27 to detect movement
of the hand 3 up to this point, execute an event, and notify
the user of this (step C3). On the other hand, if the position
of the hand 3 is not within the proximal manipulation layer
30 (No in step C2), the main controller 20 confirms wheth-
er or not the position of the hand 3 is within the gesture
detection region (step C4). The gesture detection region
is the same as the region described in the third embod-
iment.
[0078] If the position of the hand 3 is within the gesture
detection region (Yes in step C4), the main controller 20
determines that the gesture is not yet finished, and uses
information obtained from the light receiver 27 to detect
movement of the hand 3 up to this point (step C5). After
this, the main controller 20 goes back to step C1 and
repeats the processing from that point on. On the other
hand, if the position of the hand 3 is outside the gesture
detection region (No in step C4), the main controller 20
determines that the hand 3 has not reached the proximal
manipulation layer 30, and therefore that no gesture input
was performed, and ends the manipulation determination
processing C.
[0079] The effect of the fourth embodiment given
above is the same as that in the third embodiment. Also,
with the fourth embodiment, if the hand 3 has moved into
the proximal manipulation layer 30, an event involving a
gesture is generated, so determining the end of a gesture
is easier.

<Fifth Embodiment>

[0080] Next, the input device 1 of the fifth embodiment
will be described. The configuration of the input device
1 in the fifth embodiment is the same as the configuration
in the first embodiment. However, the input device 1 in
the fifth embodiment differs from the first embodiment
(and from the second to fourth embodiments) in the fol-
lowing respect. In the first embodiment, etc., the config-
uration was such that processing to determine the ma-
nipulation orientation of the indicator 3 (typically a hand)
was performed as preliminary determination processing
prior to performing processing to determine the input ma-
nipulation details. In the fifth embodiment, the configura-
tion is such that processing to determine the manipulation
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region in which input is made is performed as the prelim-
inary determination processing, instead of processing to
determine the manipulation orientation. The following de-
scription will focus on this difference.
[0081] FIG. 13 is a simplified diagram illustrating the
manipulation region in the input device 1 pertaining to
the fifth embodiment of the present invention. As shown
in FIG. 13, with the input device 1 in this embodiment, a
first region R1 is set near the image surface S. Also, with
the input device 1 in this embodiment, a second region
R2 that is wider than the first region R1 is set at a position
farther away from the image surface S than the first region
R1. The "width" referred to here means the length of the
region in a direction perpendicular to the image surface S.
[0082] If the preliminary determination processing de-
termines that an indicator 3 (typically a hand) is present
in the first region R1, the input device 1 concludes that
pointing input is being performed with the indicator 3, and
determines the input manipulation details. Also, if the pre-
liminary determination processing determines that the in-
dicator 3 is present in the second region R2, the input
device 1 concludes that gesture input is being performed
with the indicator 3, and determines the input manipula-
tion details.
[0083] FIG. 14 is a flowchart of an input processing
example executed by the input device 1 pertaining to the
fifth embodiment of the present invention. A main con-
troller 20 uses a detector that includes a light source unit
10 and a light receiver 27 to begin monitoring indicator
information in the determination area (step N1). The de-
termination area is set at a suitable position away from
the image surface S. Also, the determination area is set
on the opposite side from the side where the light source
unit 10 and the light receiver 27 are provided, using the
image surface S as a reference. The determination area
is an example of a detection layer used in the preliminary
determination processing of the present invention.
[0084] The main controller 20 confirms whether or not
the indicator 3 is in the first region R1 based on the result
detected by the light receiver 27 (step N2). In this exam-
ple, the main controller 20 calculates the brightness in
the determination area based on the detection result from
the light receiver 27. If there are five or more points (pix-
els) with a higher brightness than a first threshold L in
the determination area, the main controller 20 determines
that the indicator 3 is present in the first region R1 (Yes
in step N2).
[0085] If the indicator 3 is determined to be present in
the first region R1, the main controller 20 concludes that
pointing input is being performed (step N3), and performs
determination processing on the input manipulation de-
tails (step N4). A specific example of determination
processing on the input manipulation details is calculat-
ing the position (XY coordinates) of the indicator 3 and
executing an event corresponding to the calculated co-
ordinate position. If it is concluded that an input manip-
ulation will be performed in the future by the user, such
as when no command has been given to shut off the

power to the device (No in step N5), the main controller
20 goes back to step N2 and performs preliminary deter-
mination processing. If it is concluded that input manip-
ulation will not be performed (Yes in step N5), the main
controller 20 ends the input processing.
[0086] On the other hand, if it is determined that the
indicator 3 is not present in the first region R1 (No in step
N2), the main controller 20 confirms whether or not the
indicator 3 is considered to be in the second region R2
based on the result detected by the light receiver 27 (step
N6). In this example, if there are five or more points in
the determination area whose brightness (for all the
points) is lower than a second threshold M and higher
than a third threshold N, the main controller 20 deter-
mines that the indicator 3 is present in the second region
R2 (Yes in step N6). Here, the first threshold L > the
second threshold M > the third threshold N.
[0087] If it is determined that the indicator 3 is present
in the second region R2, the main controller 20 concludes
that gesture input is being performed (step N7), and per-
forms determination processing of the input manipulation
details (step N8). A specific example of determination
processing on the input manipulation details is perform-
ing motion recognition or shape recognition (such as how
many fingers) with a known optical flow analysis method,
for example, and executing an event corresponding to
said motion recognition and/or shape recognition.
[0088] The processing that comes after step N8 is the
same as the processing after the above-mentioned step
N4. If it is determined that the indicator 3 is not present
in the second region R2 (No in step N6), the main con-
troller 20 performs the processing of step N5. If the an-
swer is Yes in step N6, reconfirmation processing as to
whether or not the indicator 3 is considered to be present
in the first region R1 may be performed again in order to
improve the accuracy of the preliminary determination.
[0089] With this configuration of the fifth embodiment
discussed above, determination related to the manipu-
lation region of the indicator 3 by the preliminary deter-
mination processing is performed before determining the
input manipulation details of the indicator 3. This reduces
the probability that the pointing input and the gesture in-
put are mixed up, which also reduces the probability that
the input manipulation details will be incorrectly deter-
mined.
[0090] In this embodiment, brightness was used to de-
termine the manipulation region, but this is just an exam-
ple, and the index for determination may be changed as
needed. Also, the above-mentioned determination refer-
ence when using brightness is just an example, and may
be changed as needed. Also, processing to determine
the manipulation orientation of the indicator 3 (discussed
above) may be added to the preliminary determination
processing in this embodiment. In this case, for example,
the orientation detection layer 32 may be set at a position
that is farther away from the image surface S than the
determination area, for example.
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<Other>

[0091] The embodiments given above are examples
of the present invention, and the scope of application of
the present invention is not limited to or by the configu-
ration of the embodiments given above. Naturally, the
above embodiments may be suitably modified without
departing from the technological concept of the present
invention. Also, the various embodiments may be suita-
bly combined to the extent possible.
[0092] For instance, in the embodiments given above,
the light sources 11 to 13, which were used to project an
image onto the screen 2, were utilized as light for detect-
ing the indicator 3, but this is nothing but an example.
Specifically, the configuration may be such that a dedi-
cated light source for detecting the indicator 3 (such as
a laser light source that emits infrared light) may be sep-
arately disposed within the input device 1. In this case,
it is preferable if the light emitted from the dedicated light
source can also be manipulated by the scanning mirror
17.
[0093] Also, in the embodiments given above, the input
device 1 had the function of projecting an image onto the
screen 2, but this is nothing but an example. Specifically,
the input device 1 need not have a function of projecting
an image. In this case, it will be necessary to provide an
image display device separately from the input device 1.
[0094] Also, in the embodiments given above, the de-
tector capable of detecting the position and state of the
indicator 3 approaching the image surface S comprised
the light sources 11 to 13, the scanning mirror 17, and
the light receiver 27, but this is nothing but an example.
For instance, the detector may be constituted by an im-
aging element.
[0095] In addition, the present invention may be ap-
plied to an input device in which an input manipulation is
performed by utilizing a midair image. Here again, it will
be less likely that a first input manipulation in which input
is performed by indicating a particular region of the image
surface S with an indicator, and a second input manipu-
lation in which input is performed by making a gesture in
front of the image surface S, will be mixed up. Accord-
ingly, an input device can be provided that is easy to use
and with which a wide variety of input manipulations can
be accurately detected.
[0096] In understanding the scope of the present in-
vention, the term "comprising" and its derivatives, as
used herein, are intended to be open ended terms that
specify the presence of the stated features, elements,
components, groups, integers, and/or steps, but do not
exclude the presence of other unstated features, ele-
ments, components, groups, integers and/or steps. The
foregoing also applies to words having similar meanings
such as the terms, "including", "having" and their deriv-
atives.
[0097] While only selected embodiments have been
chosen to illustrate the present invention, it will be ap-
parent to those skilled in the art from this disclosure that

various changes and modifications can be made herein
without departing from the scope of the invention as de-
fined in the appended claims. For example, unless spe-
cifically stated otherwise, the size, shape, location or ori-
entation of the various components can be changed as
needed and/or desired so long as the changes do not
substantially affect their intended function. Unless spe-
cifically stated otherwise, components that are shown
directly connected or contacting each other can have in-
termediate structures disposed between them so long as
the changes do not substantially affect their intended
function. The functions of one element can be performed
by two, and vice versa unless specifically stated other-
wise. The structures and functions of one embodiment
can be adopted in another embodiment. It is not neces-
sary for all advantages to be present in a particular em-
bodiment at the same time. Every feature which is unique
from the prior art, alone or in combination with other fea-
tures, also should be considered a separate description
of further inventions by the applicant, including the struc-
tural and/or functional concepts embodied by such fea-
ture(s). Thus, the foregoing descriptions of the embodi-
ments according to the present invention are provided
for illustration only, and not for the purpose of limiting the
invention as defined by the appended claims and their
equivalents.

[DESCRIPTION OF THE REFERENCE NUMERALS]

[0098]

1 input device
3 hand (indicator)
10 light source unit
11 red laser light source (part of the detector)
12 green laser light source (part of the detector)
13 blue laser light source (part of the detector)
17 scanning mirror (part of the detector, scanner)
27 light receiver (part of the detector)
20 main controller (processor)
30 proximal manipulation layer (second detection lay-

er)
31 orientation detection layer (first detection layer)
R1 first region (manipulation region)
R2 second region (manipulation region)
S image surface

Claims

1. An input device comprising:

a detector configured to detect an indicator ap-
proaching an image surface; and
a processor configured to perform input
processing based on a detection result of the
detector,
the processor being configured to perform pre-

19 20 



EP 2 957 998 A1

12

5

10

15

20

25

30

35

40

45

50

55

liminary determination processing depending
on the detection result, and configured to per-
form determination processing for an input ma-
nipulation detail of the indicator based on a result
of the preliminary determination processing and
the detection result.

2. The input device according to claim 1, wherein
the preliminary determination processing includes
processing to determine a manipulation region in
which input will be made, and
the processor is configured to change the determi-
nation processing of the input manipulation detail ac-
cording to the manipulation region.

3. The input device according to claim 2, wherein
the processor is configured to determine the manip-
ulation region using the brightness obtained from the
detection result produced by the detector.

4. The input device according to claim 2 or 3, wherein
the manipulation region includes a first region and a
second region, and
the width in a direction perpendicular to the image
surface is different in the first region and the second
region.

5. The input device according to claim 4, wherein
when the manipulation region is determined to the
first region, the processor is configured to determine
the input manipulation detail according to the indi-
cated position of the indicator, and
when the manipulation region is determined to be
the second region, the processor is configured to
determine the input manipulation detail according to
at least one of the shape and movement of the indi-
cator.

6. The input device according to any one of claims 1 to
5, wherein
the preliminary determination processing includes
processing to determine manipulation orientation of
the indicator.

7. The input device according to claim 6, wherein
the processor is configured to determine the manip-
ulation orientation from the detection result in a first
detection layer, and
the processor is configured to determine the input
manipulation detail based on the manipulation ori-
entation obtained in the preliminary determination
processing and the detection result in a second de-
tection layer provided closer to the image surface
than the first detection layer.

8. The input device according to claim 6 or 7, wherein
the processor is configured not to determine the input
manipulation detail in the second detection layer if

the manipulation orientation has been determined to
be a particular orientation, and configured to deter-
mine the input manipulation detail based on the
movement of the indicator between the image sur-
face and the first detection layer.

9. The input device according to claim 8, wherein
when the processor determines the input manipula-
tion detail based on the movement of the indicator,
the processor is configured to determine the input
manipulation detail using the movement speed of
the indicator.

10. The input device according to claim 8 or 9, wherein
when the processor determines the input manipula-
tion detail based on the movement of the indicator,
and when the processor determines that the indica-
tor has moved into the second detection layer, the
processor is configured to determine that an input
manipulation based on the movement of the indicator
has ended.

11. The input device according to any one of claims 7 to
10, wherein
the processor is configured to determine the input
manipulation details in the second detection layer
based on a change in the state of the indicator that
accompanies contact with the image surface.

12. The input device according to any one of claims 6 to
11, wherein
the processor is configured to determine the manip-
ulation orientation based on light intensity distribu-
tion.

13. The input device according to any one of claims 6 to
12, wherein
the processor is configured to determine the manip-
ulation orientation based on a temporal change in
the detection result.

14. The input device according to anyone of claims 1 to
13, wherein
the detector comprises a light source, an optical
scanner that is configured to scan light from the light
source, and a light receiver that is configured to re-
ceive reflected light by the indicator of the light that
has been scanned by the optical scanner.

15. The input device according to anyone of claims 1 to
14, wherein
a detection layer used for the preliminary determi-
nation processing and a detection layer used for de-
termination processing of the input manipulation de-
tail are disposed on an opposite side from the light
receiver and the light source, with the image surface
in between.
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